Anatomic restoration of the joint is the goal of management in fractures about the ankle. Open reduction and internal fixation (ORIF) is the standard of care for unstable ankle fractures; however, arthroscopic management has been proposed. The use of arthroscopic reduction and internal fixation (ARIF) is surgeondependent. Reported indications for ARIF include transchondral talar dome fracture, talar fracture, low-grade fracture of the distal tibia, syndesmotic disruption, malleolar fracture, and chronic pain following definitive management of fracture about the ankle. Among the potential benefits are less extensive exposure, preservation of blood supply, and improved visualization of the pathology. Although arthroscopy is increasingly used in the setting of trauma, the effectiveness of ARIF compared with ORIF for management of fractures of the distal tibia, malleolus, displaced talar neck, and talar body has yet to be determined. Most of these fractures are effectively managed with open procedures.
T he use of less invasive and image-guided techniques for fracture management preserves the soft-tissue envelope and improves reduction. These techniques also have the potential to improve outcomes. Arthroscopic reduction and internal fixation (ARIF) and arthroscopyassisted open reduction and internal fixation (ORIF) are becoming popular techniques for the management of articular fractures about the knee. In any orthopaedic practice, knee arthroscopy is generally more common than ankle arthroscopy, and the use of ankle arthroscopy in a trauma setting is even less common. In the trauma setting, the learning curve associated with use of a new technique may delay broader implementation of ankle arthroscopy. Surgeons who can do so should use arthroscopy in the management of specific fractures (eg, depressed tibial plafond fractures) and image-guided surgical techniques.
Management of fractures about the ankle requires direct visualization of intra-articular injury and the reduction itself. A high incidence of intraarticular lesions and chronic ankle pain has been reported after anatomic reduction. [1] [2] [3] [4] Arthroscopy has been proposed as a means to reduce the incidence of chronic complaints related to intra-articular fracture. However, indications for ARIF remain limited, and the effectiveness of ARIF compared with ORIF has not been determined. 5 
Transchondral Fracture
Transchondral fracture (TCF) is an intra-articular fracture produced by a force transmitted from a contiguous bone through the articular cartilage to the subchondral trabeculae. A high incidence of TCF is associated with ankle instability (23% to 95%) 6, 7 and malleolar fracture (63% to 79%). 1, 8 The talar dome, particularly the posteromedial aspect, is the most frequently involved site. The four-stage radiographic classification of TCF by Berndt and Harty 9 is reliable and widely accepted: stage I, small compression fracture; stage II, incomplete avulsion of a fragment; stage III, complete avulsion of a fragment without displacement; and stage IV, displaced fragment.
Diagnosis
Patients with isolated acute or chronic TCF typically report pain, catching, snapping, grinding, swelling, and tenderness about the tibiotalar joint. AP, lateral, and mortise radiographs of both ankles should be obtained. A Canale view (ie, pronation of the foot to 15°with the x-ray beam angled 75°c ephalad) also may be helpful. 10 However, TCF may be missed on plain radiographs in up to 50% of cases. 10 When articular injury is suspected, MRI or CT may be indicated. MRI is helpful in determining the exact location, size, and displacement of the TCF. CT is used to assess the pattern of comminuted fracture. In the patient with acute fracture, we recommend CT to assess the extent of bony injury. In chronic injury with talar dome fracture, MRI is best for assessing articular cartilage and surrounding bony edema.
Management
Controversy persists regarding the indications for management of TCF. The surgeon must first differentiate between chronic and acute injury. With chronic injury, such as isolated TCF that is not associated with ankle fracture, surgery is warranted to manage a symptomatic nondisplaced lesion (ie, Berndt and Harty stage I, II, or III) following lack of healing with ≤3 months of nonsurgical management. 10 Surgery is the first-line treatment for stage IV fracture (ie, displaced fragment). 10 An arthroscopic approach is widely accepted for curettage and drilling of the TCF <2 cm in size. Curettage or abrasion arthroplasty is sufficient when the bed of the lesion is bleeding cancellous bone. When the lesion bed is completely or partially covered by intact subchondral bone, microfracture should be performed. Retrograde drilling is indicated for subchondral bone lesions with overlying intact cartilage (ie, cystic degeneration of a chronic TCF). In this case, the use of bone graft or bone graft substitute may be necessary to avoid articular collapse should the subchondral structural integrity be severely impaired.
Acute fracture measuring >2 cm is amenable to open excision or internal fixation. Open excision and osteochondral autograft or allograft transplantation (OATS) or autologous chondrocyte implantation may be indicated for the management of large chronic TCFs. Arthroscopy is a good adjunct to fracture management in the patient with acute TCF and ankle fracture ( Figure 1, A and  B) . TCFs are not always easily accessible from the medial and lateral approach commonly used for malleolar fracture fixation. Furthermore, TCF is often missed on preoperative imaging studies, which leads to lack of management of occult TCF at the time of fixation, resulting in chronic ankle pain. 3, 4 Anterior ankle arthroscopy is sufficient to manage TCF in most cases. A posterior arthroscopic approach is recommended in the presence of posterior talar or tibial TCFs of the ankle joint, loose bodies, ossicles, posttraumatic calcifications or avulsion fragments, posterior tibial osteophytes, chondromatosis, and chronic synovitis.
Anterior Approach
For anterior ankle arthroscopy, the patient is placed supine under general or spinal anesthesia, and a bump is placed under the hip on the affected side. A tourniquet is positioned around the proximal thigh and is inflated to manage bleeding and poor visualization during the procedure. Use of a tourniquet is surgeon-dependent. Some surgeons prefer not to inflate it, whereas others prefer to have it in place at the beginning of a case.
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rior arthroscopy is typically preferred in the presence of a posterior lesion. If supine positioning is required for fracture management, then arthroscopy is performed with the patient supine.
Invasive distraction with external fixators or thin wire distraction is indicated in the setting of associated comminuted tibial plafond or talar dome fracture. 12 Typically, the superficial peroneal nerve is easily identified and is marked on the skin.
Standard anteromedial (AM) and anterolateral portals are required for anterior ankle arthroscopy. The AM portal is made first. Saline is injected at the level of the AM portal to distend the joint. The skin incision is created just medial to the tibialis anterior tendon, and the joint is approached bluntly, aiming toward the tip of the lateral malleolus. With the foot in full dorsiflexion, a 2.7-or 4.0-mm 30°-angle arthroscope is introduced into the joint. Typically, an arthroscopic pump is used to distend the joint and improve intra-articular visualization. However, use of a pump is associated with an increased risk of soft-tissue swelling and compartment syndrome. In traumatic cases with severe soft-tissue damage, gravity inflow is preferred. Under arthroscopic control, the anterolateral portal is made lateral to the peroneus tertius tendon, with care taken to avoid injury to the superficial peroneal nerve.
Posterior Approach
A posterior arthroscopic approach is indicated for posterior pathology (ie, talar dome fracture in the posterior downslope of the talus, posterior talar body fracture). The patient is positioned prone, and a support is placed under the distal one third of the leg. With the ankle in neutral position, placement of the posteromedial and posterolateral portals is determined based on a line drawn from the tip of the lateral malleolus to the Achilles tendon, parallel to the sole of the foot. The portals are placed above this line and tangential to the Achilles tendon. After the skin incision is made, blunt dissection of the subcutaneous layers is performed from both portals, and a 2.7-or 4.0-mm 30°-angle arthroscope is inserted into the joint. The flexor hallucis longus tendon should be kept medial to the incision to avoid damaging the neurovascular bundle.
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The size, stability, and chronicity of the lesion is evaluated with a blunt probe. For an acute fracture measuring >2 cm with a viable bony component, the bed of the lesion is débrided with a shaver, and open or arthroscopic fixation is attempted. Fixation may be achieved with metal screws that may require subsequent removal or bioabsorbable pins (eg, polyglycolic acid, polylactic acid).
In chronic or small lesions (<2 cm), the loose body is removed and the defect is débrided with a shaver (Figure 1, B) . If the bony bed is made up of bleeding cancellous bone, no further procedure is required. However, if subchondral bone is present, small holes are drilled with a microfracture probe or a Kirschner wire (K-wire). When possible, the procedure is performed through the arthroscopic portals with a microfracture angled probe. Transmalleolar anterograde drilling may be performed if the lesion is difficult to approach; however, care must be taken to avoid damaging the tibial articular surface.
Retrograde drilling may be indicated in stable lesions with an intact chondral surface in an attempt to bring blood supply to the lesion without disrupting the articular cartilage of the tibia and talus. A drill-A, Mortise radiograph demonstrating fracture of the distal fibula and posteromedial transchondral fracture of the talus (arrow). B, Arthroscopic image demonstrating a dislocated osteochondral fragment that must be débrided. C, AP radiograph following fibular fracture fixation with two percutaneous Kirschner wires and removal of loose bodies.
Figure 1
The Role of Arthroscopy in the Management of Fractures About the Ankle targeting device is placed into the joint, and a 2.5-mm drill tip or a 2-mm K-wire is used for retrograde drilling under fluoroscopic control. Typically, the drill is inserted percutaneously from the sinus tarsi into the talus. When concern exists regarding the structural integrity of the talus, bone graft should be considered.
Postoperative Care
Postoperative rehabilitation is dictated by the status of the ankle fracture if one is present. A patient with isolated talar TCF is discharged with crutches. Limited toe-touch weight bearing and full range-of-motion (ROM) exercises are permitted. Typically, weight bearing is permitted as tolerated 4 weeks postoperatively. If concerns exist regarding the structural integrity of the bone, such as following retrograde drilling, full weight bearing is begun 6 to 8 weeks postoperatively.
Results

Transchondral Fracture Associated With Other Fracture
Loren and Ferkel 1 reported TCF >5 mm in 30 of 48 patients with acute ankle fracture who were treated with ankle arthroscopy and ORIF. Hintermann et al 8 reported that the frequency and severity of TCF increased from Danis-Weber type B to type C (P < 0.05). Similar findings were reported by Leontaritis et al. 3 In a prospective randomized controlled trial of 19 patients with ankle fracture, Thordarson et al 13 compared ORIF with and without arthroscopy. Although eight of nine patients in the arthroscopy group had articular damage to the talar dome, no difference in outcome was noted at a mean 21-month follow-up.
In a larger prospective randomized study of 72 patients with ankle fracture, Takao et al   14   compared arthroscopy-assisted ORIF with ORIF alone. The mean American Orthopaedic Foot and Ankle Society score following ORIF alone was 87.6, compared with 91.0 in the arthroscopy-assisted group (P < 0.05). However, a recent literature review by Glazebrook et al 5 indicated that evidence was not strong for the use of arthroscopy to manage instability, septic arthritis, arthrofibrosis, and removal of loose bodies.
Isolated Transchondral Fracture
Controversy persists regarding the most reliable treatment method for TCF about the ankle, but good evidence exists in favor of arthroscopic management of isolated TCF of the ankle. 5 Nonsurgical management yields a 45% success rate in stage I, II, and III fracture. 11 In these types, even though the fragment is not displaced, the area of the shoulder of the talar dome does not function effectively.
A systematic review of the literature showed débridement with bone marrow stimulation to be superior to other methods, with a mean of 86% good or excellent results in 21 studies (total, 272 patients). 11 Results of excision without bone marrow stimulation or curettage were similar to those of nonsurgical management. OATS and autologous chondrocyte implantation were not included because few of the available studies reported on these techniques.
A recent randomized controlled trial that compared chondroplasty, microfracture, and OATS showed similar results with these methods at 2-year follow-up. 15 However, chondroplasty and microfracture are recommended because they are associated with less postoperative pain than is OATS. TCF of the talus is a common and continuing problem in the ankle. Nonsurgical management yields poor results, and optimal surgical management is unknown. Arthroscopy is useful in evaluation, débride-ment, and bone marrow stimulation.
Talar Fracture
Talar fracture represents only 3% of all fractures about the foot and ankle. 18 Fractures of the talus may be anatomically grouped into fractures of the neck, dome, talar processes, and body. Traditionally, these injuries are the result of a fall from a height, motor vehicle accidents, kicking in football and rugby, snowboarding, and direct trauma. 18 Talar body fractures are classified according to the Sneppen classification, and talar neck fractures are classified according to the Hawkins system. 19, 20 AP, lateral, and mortise radiographs of both ankles together and an oblique view of the foot are mandatory, but often they are insufficient for diagnosis. As many as 40% of peripheral talar fractures are missed at initial presentation. 18 In the patient with suspected fracture, CT is useful to assess fracture size, pattern, and comminution. 
Management
Distraction with an external fixator or thin wire is indicated in patients with comminuted and depressed fractures of the talar dome ( Figure  2) . A 2.7-or 4-mm 30°-angle arthroscope is introduced into the joint, and hemarthrosis is evacuated with gravity inflow saline. Loose bodies too small to be reduced and fixed are removed. Arthroscopy-assisted reduction under fluoroscopic control is performed with distraction, dorsiflexion, and plantar flexion maneuvers using arthroscopic instruments (ie, probe) or K-wires inserted into the fragments that function as joysticks (Figure 2, C) . Temporary fixation is obtained using pointed AO reduction clamps. K-wires are then inserted in the direction of the planned cannulated screws. Two or more cannulated screws are typically inserted from posterior to anterior. In longitudinal fractures, screws are inserted perpendicular to the fracture line (Figure 2, D) .
For low-grade fractures, the ankle is immobilized in a below-knee cast for 6 weeks postoperatively. Weight bearing as tolerated is allowed with a walking boot, and ROM exercises are begun at 6 weeks. The walking boot is discontinued at 12 weeks. In comminuted or impacted fractures in which rigid fixation is difficult to achieve, distraction with external fixation can be implemented for 6 weeks, after which ROM exercises are begun. Full weight bearing is allowed at 12 weeks with radiographic evidence of consolidation. Progression of the rehabilitation protocol postoperatively is dependent on evidence of radiographic healing. For fracture at risk of osteonecrosis, radiographs are obtained every 2 to 3 months after fracture healing until the risk of necrosis has stabilized.
Results
Surgical stabilization of talar fractures is successful and reduces healing time. 21 The literature on ARIF 
Figure 2
The Role of Arthroscopy in the Management of Fractures About the Ankle for talar fracture is limited to small case series and case reports; 12, 18, 21, 22 thus, ORIF remains the standard of care for surgical management of talar fracture. Arthroscopic techniques have been developed to manage wellrecognized complications of talar fracture such as skin necrosis, infection, osteonecrosis, malunion, and posttraumatic arthritis. Advantages of ARIF include improved anatomic exposure with the potential for reduced postoperative infection and skin necrosis; better visualization of the articular surface, which may enhance accuracy in reduction and débridement of loose fragments; and preservation of blood supply. Disadvantages include increased surgical time, soft-tissue swelling, and a challenging surgical technique. The use of arthroscopy for talar fracture is case-specific and surgeon-dependent.
Distal Tibial Fracture
Up to 38% of physeal injuries occur in the ankle. 23 In the adolescent patient, asymmetric closure of the distal tibial physis is thought to lead to triplane and transitional fracture (ie, Salter Harris type III and IV). During the 18-month period in which the distal tibial physis begins to fuse centrally, uncommon fractures of the anterolateral tibial epiphysis (ie, Tillaux) may be observed. Arthroscopy-assisted techniques may be used to manage triplane and Tillaux fractures. The same techniques have been used to manage low-grade fractures in adults (eg, AO type B) ( Figure  3 ). ARIF is indicated for articular fractures with different degrees of comminution and articular depression, in which part of the articular surface continuity with the tibial shaft is preserved and plating is not necessary. In the presence of comminution or depression, the preoperative workup should include AP, lateral, and mortise radiographic views of both ankles and a CT scan of the affected ankle. Anterior arthroscopy is typically recommended, except in the patient with posterior malleolus fracture (Figure 4 ).
Management
Gravity inflow is always recommended for arthroscopic management of distal tibia fractures. External fixation or thin-wire distraction is indicated in the patient with a severely comminuted or impacted fracture. Hemarthrosis and loose fragments are removed as previously described for arthroscopic management of talar fracture. The reduction and fixation technique depends on the fracture pattern.
In Tillaux or two-fragment fractures, a K-wire inserted in the fragment is used as a joystick to manipulate the fragment. After arthroscopic reduction with a probe, the K-wire is inserted into the intact tibia to provide temporary stabilization. Under fluoroscopic control, one or two 3.5-or 4.0-mm cannulated screws are inserted parallel to the tibial plafond. Care must be taken to avoid injury to the growth plates in the juvenile patient.
In a triplane fracture in which a metaphyseal fracture line is present, the metaphyseal fracture is fixed first under fluoroscopy. Next, the fracture rims involving the epiphysis are temporarily fixed arthroscopically with percutaneous reduction clamps or 1.5-mm K-wires. Definitive fixation is achieved with 4.0-mm cannulated partially threaded cancellous screws.
In impacted fractures involving the tibial plafond, the articular surface should be restored. A cortical window is created 5 cm above the joint line on the anteromedial tibia. Under fluoroscopic visualization, a bone tamp is inserted in the window and placed 2 cm above the fracture. The depressed fragment is elevated by impacting the cancellous bone ( Figure  3, B) . Fixation is achieved by two cannulated screws. Autologous graft or bone graft substitute may be needed, depending on the degree of impaction and the quality of the bone.
In the patient with a Tillaux fracture, ROM exercises are allowed immediately postoperatively, but the patient should remain non-weight bearing for 6 weeks. For triplane fracture or low-grade adult articular fracture (eg, AO type B1), the leg is immobilized in a below-knee cast for 4 weeks, after which ROM exercises are begun. Weight bearing as tolerated is allowed at 6 weeks postoperatively. In the adult patient with a comminuted or impacted articular fracture (eg, AO type B2 and B3), the external fixator is maintained until healing is confirmed radiographically (≥12 weeks). Early motion is allowed, and weight bearing is typically begun 6 weeks postoperatively. AP, lateral, and mortise radiographs are obtained every 6 weeks until fracture healing is observed.
Results
Only small case series [24] [25] [26] and case reports [27] [28] [29] [30] [31] exist in the Englishlanguage literature regarding ARIF for management of distal tibial fracture. In these studies, ARIF was used 
Figure 4
The Role of Arthroscopy in the Management of Fractures About the Ankle to manage Tillaux or triplane fractures in 10 juvenile patients 24, 25, [28] [29] [30] [31] and to manage posterior malleolar and pilon tibial fractures in 5 adults. 26, 27 The patients treated with ARIF demonstrated rapid and complete fracture healing without complications (eg, leg length discrepancy, angulation, swelling, persistent symptoms, limitation of function). Although there is no evidence regarding the effectiveness of ARIF in distal tibia fracture, the theoretic advantages and disadvantages of ARIF in this setting are comparable to those of ARIF in the management of talar fracture.
Syndesmotic Disruption
Syndesmotic disruption is associated with acute ankle fracture in 47% to 66% of cases. 1, 32 Left untreated, it may result in chronic ankle pain. 1 Syndesmotic lesions are typically associated with supination-external rotation fracture per the Lauge-Hansen classification and with Danis-Weber type B or C fractures. 1, 32 Syndesmotic disruption associated with acute ankle fracture can be identified on preoperative AP, lateral, and mortise radiographs and intraoperative stress radiographs after fracture fixation. However, stress radiographs are less effective than arthroscopic visualization in demonstrating the true extent of syndesmotic disruption 33 ( Figure 5 ). For this reason, arthroscopy is becoming essential in the diagnosis and management of syndesmotic lesion associated with ankle fracture. Syndesmotic injuries may be isolated, and the severity of injury varies. Some patients require stabilization and others, only arthroscopic débridement. 34 Isolated syndesmotic sprains account for 10% to 20% of all ankle sprains, which is a much lower rate than that of lateral ankle sprain. 34 The clinical diagnosis of complete isolated syndesmotic disruption or syndesmotic disruption associated with ankle fractures can be confirmed on plain radiographs. Gerber et al 35 described the West Point Ankle Sprain Grading System in which syndesmotic injuries are classified into three categories based on evidence of syndesmotic instability: grade I indicates no instability, grade II indicates some evidence of instability, and grade III suggests definite instability. Specific clinical stability tests may aid in determining the diagnosis when plain radiographs and magnetic resonance images are equivocal.
Management
Management of syndesmotic instability is controversial, particularly in patients with no apparent radiographic widening. 36 In patients with some functional instability, normal radiographs, and positive stress tests, arthroscopic confirmation of the injury may be useful to determine whether stabilization is necessary. Current indications for surgical management of acute syndesmotic injury include frank diastasis of the syndesmosis as well as diastasis on stress radiographs or arthroscopic evaluation 34 ( Figure 5 ). In these patients, surgical treatment should include reduction and trans-syndesmotic fixation with one or two metallic screws.
Gravity inflow is recommended in the presence of fracture or severe soft-tissue damage. The syndesmosis is probed, and distal tibiofibular instability is evaluated under fluoroscopic and arthroscopic control. Torn portions of interosseous and posteroinferior tibiofibular ligaments are débrided ( Figure 5 ). Fixation is achieved with one or two 4.0-or 4.5-mm cannulated cortical screws by gaining purchase across three or four cortices.
The patient is placed in a nonweight-bearing cast for 6 weeks postoperatively. Progressive weight bearing and ROM exercises are permitted with screws in place at the seventh week. The screws are removed at 8 to 10 weeks. 34 
Results
Arthroscopy demonstrates greater sensitivity than do stress radiographs A, Arthroscopic view of an intact syndesmosis. B, Arthroscopic image demonstrating rupture of the anterior tibiofibular ligament (ATFL) with widening of the tibiofibular distance. F = fibula, T = tibia, Ta = talus and MRI in detecting syndesmotic injury. 33 Moreover, patients with syndesmotic instability are at high risk of associated talar dome TCF, which can be managed arthroscopically at the time of syndesmotic evaluation. 
Malleolar Fracture
ORIF is the standard of care for malleolar fractures. Nevertheless, there is a high incidence of associated intra-articular injuries, and arthroscopy is becoming essential in the management of these intra-articular injuries to reduce chronic ankle pain following ORIF.
In 
Chronic Pain Following Ankle Fracture
Even when good reduction is achieved, chronic pain and arthrofibrosis are common following ankle fractures. In a series comparing the outcomes of arthroscopy to manage various diagnoses in 79 ankles, Amendola et al 40 concluded that arthroscopic débridement of wellreduced ankle fracture with chronic pain was helpful but that management of focal conditions such as impingement and TCF of the talus led to more predictable results. Thomas et al 2 performed arthroscopy in 50 patients who presented with chronic pain following management of an ankle fracture. The authors found synovitis in 46 ankles, TCF in 45, arthrofibrosis in 20, spurs in 15, and loose bodies or debris in 9. Utsugi et al 41 performed arthroscopy at the time of hardware removal in 33 patients who had previously undergone ORIF for ankle fracture. Arthrofibrosis was noted in 24 patients. Débridement of fibrous tissue resulted in improved articular function in 29 patients who presented with functional limitation before arthroscopy.
Summary
Given the lack of evidence-based literature, it is not possible to definitively recommend the use of ARIF or arthroscopy-assisted ORIF for the management of ankle fracture. However, there seems to be general agreement regarding the high incidence of intra-articular pathology associated with ankle fracture. In ankle fractures managed with ORIF, some of these conditions may be missed, resulting in chronic complaints.
The main advantages of ARIF include limited exposure, preservation of blood supply, and improved visualization of the pathology. However, ARIF requires increased surgical time, is technically more challenging than ORIF, and may result in softtissue swelling. Although ARIF may cost more initially, it may result in reduced long-term costs associated with chronic conditions. Currently, arthroscopy is indicated for management of talar dome fractures and fractures associated with small loose fragments within the joint. Arthroscopy is also indicated for the evaluation and management of syndesmotic injury and persistent pain following definitive management of ankle fractures. Although the use of arthroscopy in trauma is increasing, the effectiveness of ARIF compared with ORIF in the management of fractures of the distal tibia, malleollus, displaced talar neck, and talar body has yet to be determined. Thus, most of these fractures can still be managed with open procedures.
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